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ABSTRACT 


A  study  was  performed  to  determine  the  nature  of  the  representations 
that  are  compared  during  the  comparison  stage  in  a  character  classification 
task.  In  such  a  task,  S_  is  required  at  the  beginning  of  each  trial  to 
memorize  a  small  set  of  items  called  the  positive  set.  A  probe  item  is 
then  presented  and  £  is  required  to  make  one  of  two  responses  indicating 
whether  or  not  the  probe  item  is  a  member  of  the  positive  set.  Reaction 
time  (RT)  is  the  dependent  variable. 

Previous  research  has  shown  that  RT  is  an  increasing  linear  function 
of  the  size  of  the  positive  set  for  both  positive  and  negative  responses. 

From  this  fact  it  has  been  inferred  that  part  of  the  RT  is  occupied  by  a 
serial  comparison  process  during  which  some  representation  of  the  probe 
item  is  compared  with  similar  representations  of  the  positive  set  items, 
one  after  another.  The  slope  of  the  linear  function  relating  RT  to 
positive  set  size  is  the  time  from  the  beginning  of  one  comparison  to  the 
beginning  of  the  next. 

The  present  study  was  designed  to  determine  whether  the  representations 
compared  during  the  comparison  stage  are  visual  images  (based  only  on 
sensory  information)  or  verbal  labels  (based  on  the  learned  identity  of 
the  items  involved).  In  one  experimental  condition  (l.'ame  Identity),  the 
positive  set  was  defined  by  the  names  of  the  letters  it  included  and  both 
upper  and  lower  cases  of  each  letter  were  presented  when  the  positive  set 
was  displayed.  The  probe  letter  was  either  upper  or  lower  case,  but  its 
case  was  irrelevant  to  £'s  response.  In  the  other  experimental  condition 
(Physical  Identity),  each  litter  of  the  positive  set  was  represented  in 
upper  or  lower  case,  but  net  both.  The  positive  sets  contained  equal  numbers 
of  upper  and  lower  case  letters,  as  nearly  as  possible.  The  positive  response 
was  appropriate  if  and  onl”  if  the  probe  letter  was  physically  identical 
with  some  character  in  the  positive  set  (i.e.,  matched  in  both  name  and 
case).  In  the  Control  Cordition,  the  positive  set  and  probe  letters  were 
all  of  the  same  case. 

If  comparisons  were  based  cn  visual  images,  it  was  expected  that  for 
i  given  set  size  twice  as  many  comparisons  would  be  necessary  in  the  Name 
Identity  Condition  as  in  the  Control  Condition,  since  separate  comparisons 
would  be  required  for  the  upper  and  lower  case  characters  of  each  letter  in 
the  positive  set.  Thus  the  slope  for  the  Name  Identity  Condition  should 
be  twice  as  great  as  the  slope  of  the  Control  Condition.  The  slope  of 
*hc  Physical  Identity  Condition  should  be  the  same  as  for  the  Control  Con¬ 
dition,  since  uniformity  of  case  should  be  irrelevant  for  the  comparison 
of  visual  images. 

If,  on  the  other  hand,  the  comparison  procesi:  were  based  on  verbal 
labels,  the  Name  Identity  Condition  should  be  the  same  as  the  Con^rcl  Condition, 


since  in  both  conditions  the  name  of  the  probe  character,  regardless 
of  its  case,  would  be  abstracted  before  the  comparison  process  began. 

In  the  Physical  Identity  Condition,  however,  each  comparison  should  require 
more  time,  since  more  complex  names  (that  discriminated  between  the  upper 
and  lower  case  characters)  would  have  to  be  compared.  Thus  the  slope  of 
the  Physical  Identity  Condition  should  be  greater  than  the  slope  of  the 
Control  Condition. 

The  results  revealed  that  performance  in  the  Name  Identity  Condition 
was  similar  to  performance  in  the  Control  Condition,  and  that  the  slope  of 
the  RT  function  was  much  greater  on  negative  trials  in  the  Physical  Identity 
Condition  when  the  probe  item  differed  only  in  case  from  some  character 
in  the  positive  set  than  when  the  probe  did  not  have  the  same  name  as  any 
positive  set  character.  It  was  concluded  that  the  representations  used 
for  the  comparisons  stage  are  verbal  labels. 
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CHAPTER  I 


ON  THE  COMPARISON  STAGE  IN 
CHARACTER  CLASSIFICATION 

A  substantial  body  of  research  in  recent  years  has  been  directed 
at  the  isolation  and  study  of  stages  of  information  processing.  Examples 
can  be  found  in  the  areas  of  short-term  visual  memory  (Sperling,  1967), 
selective  attention  (Egeth,  1967),  and  the  psychological  re/ractory 
period  (Smith,  1967).  These  studies  have  frequently  employed  reaction 
time  (RT)  as  a  dependent  variable,  since  it  provides  a  unique  insight 
into  the  temporal  course  of  information  processing.  The  use  of  RT  to 
study  processing  stages  is  not  new,  however;  it  goes  back  to  the 
earliest  days  of  scientific  psychology,  when  Donders  (1868)  attempted 
to  measure  stage  duration  by  measuring  RT  for  two  tasks  which  differed 
only  by  the  presumed  presence  of  a  particular  stage  in  one  task  and  its 
absence  in  the  other.  The  revival  of  methods  similar  to  Donders'  was 
highlighted  by  a  recent  conference  (see  Koster,  1969)  held  exactly  one 
century  after  the  publication  of  Donders'  main  work  on  RT. 

Donders'  method  fell  into  disuse  because  adequate  tests  were  not 
available  for  two  of  the  assumptions  of  the  method.  Donders  assumed 
the  existence  of  a  succession  of  stages  which  did  not  overlap  in  time, 
so  that  their  durations  were  additive  components  of  RT.  In  addition, 
he  assumed  that  stages  could  be  added  or  deleted  without  affecting  the 
durations  of  other  stages.  In  an  important  theoretical  paper,  Sternberg 
(1969b)  has  proposed  a  method,  the  additive-factor  method,  which  provides 
an  explicit  test  of  the  first  assumption  and  largely  does  away  with  the 
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need  for  the  second.  A  full  description  of  the  method  would  be  in¬ 
appropriate  here.  Briefly,  it  involves  the  inference  of  the  existence 
of  stages  from  the  pattern  of  interactions  and  non-interactions  in 
factorial  experiments.  The  properties  of  a  stage  so  isolated  are  studied 
by  manipulating  its  duration,  rather  than  adding  or  deleting  the  entire 
stage. 

The  Character  Classification  Task 

The  focus  of  this  paper  is  on  the  properties  of  one  particular  stage 
isolated  by  means  of  the  additive-factor  method.  Sternberg  (1969b)  used 
the  discovery  and  study  of  this  stage  to  illustrate  the  application  of 
his  method. 

The  stage  in  question  is  the  comparison  stage  in  a  character  classi¬ 
fication  task.  This  task,  used  by  Sternberg  (1966)  to  study  memory 
search,  is  quite  simple.  On  each  trial  (or  before  a  block  of  trials), 

£  memorizes  a  small  set  of  characters,  usually  digits  in  Sternberg's  work. 

A  test  character  is  then  presented  and  £  makes  one  of  two  responses  de¬ 
pending  on  whether  or  not  that  character  is  one  of  the  memorized  set. 

The  Ss  are  encouraged  to  respond  quickly,  but  emphasis  is  put  on  a  low 
errror  rate.  Sternberg  (1966)  found  RT,  the  time  between  onset  of  the 
probe  and  the  response,  to  be  a  linear  function  of  the  size  of  the  memorized 
(positive)  set.  This  relationship  held  whether  a  new  set  was  memorized  on 
each  trial  (the  varied-set  design),  or  only  before  each  block  of  trials 
(the  fixrtd-set  design).  In  the  fixed-set  experiment,  with  set  size  (s) 
taking  the  values  one,  two,  and  four,  stimuli'  and  response  entropy  were 
equated  across  set  size,  and  possible  differences  among  individual  digits 
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were  controlled.  In  the  varied-set  experiment,  s_  took  on  all  values  from 
one  to  six.  The  RT  functions  for  both  negative  and  positive  responses 
proved  to  be  linear  and  parallel.  The  slope  of  the  overall  function  was 
the  same  in  both  experiments. 

From  these  data,  Sternberg  (1966)  inferred  the  existence  of  a  serial 
comparison  stage,  in  which  an  internal  representation  of  the  test  digit 
is  compared  sequentially  with  representations  of  the  memorized  digits. 

The  comparison  process  must  be  exhaustive,  with  all  possible  comparisons 
made  whether  or  not  a  match  has  been  found;  otherwise,  the  functions  for 
negative  and  positive  responses  would  not  be  parallel.  If  £  stopped 
making  comparisons  as  soon  as  a  match  occurred  (a  self-terminating 
search),  he  would,  on  the  average,  need  to  make  only  (s_  +  l)/2  comparisons 
on  positive  trials,  and  the  slope  of  the  negative  response  function  would 
be  twice  as  great  as  the  slope  of  the  function  for  positive  responses. 

In  addition,  exhaustive  scanning  implies  flat  serial  position  functions. 
That  is,  if  RT  for  positive  responses  is  plotted  as  a  function  of  the 
serial  position  of  the  matching  character  in  the  positive  set,  the  re¬ 
sulting  function  should  be  linear  with  zero  slope  for  each  set  size 
separately.  This  is  because  all  possible  comparisons  are  made  on  every 
trial;  hence  the  order  of  the  comparisons  cannot  affect  RT,  even  if  it 
is  the  same  on  every  trial.  A  self-terminating  strategy  would  also 
produce  flat  serial  position  functions  if  scanning  began  at  a  random 
location  in  the  list  from  trial  to  trial.  Hence  flat  serial  position 
functions  are  a  necessary,  but  not  sufficient,  condition  for  exhaustive 
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scanning.  Sternberg's  own  studies  have  consistently  yielded  flat  serial 
position  functions  (see  Sternberg,  1969a). 

Using  similar  paradigms,  several  investigators  (Corballis,  1967; 

Morin,  DeRosa,  &  Stultz,  1967;  Morin,  DeRosa,  £  Ulm,  1967)  have  found  a 
recency  effect  in  the  serial  position  function,  a  result  that  is  not 
consistent  with  exhaustive  scanning.  In  contrast  tc  Sternberg's  procedure, 
these  studies  have  employed  rapid  presentation  of  the  memorized  set  and  a 
very  brief  delay  or  no  delay  before  presentation  of  the  probe.  Since 
Corballis  (1967)  found  an  increasingly  strong  recency  effect  with  faster 
presentation,  these  differences  probably  account  for  the  discrepency. 

The  same  explanation  will  not  account  for  the  results  of  a  similar 
experiment  by  DeRosa  6  Morin  (1970).  In  their  Exp.  I,  the  positive  set 
was  constant  for  blocks  of  112  trials,  and  always  contained  four  digits. 

For  positive  trials,  the  serial  position  function  was  U-shaped,  with  the 
fastest  RT's  at  the  two  center  positions  rather  than  the  last  position 
as  in  the  other  studies.  However,  the  positive  set  digits  were  always 
consecutive  and  presented  in  increasing  order  (e.g.,  3,  4,  5,  6).  RT 
for  negative  responses  was  a  decreasing  function  of  the  numerical  distance 
of  the  probe  digit  from  the  positive  set.  The  Ss  may  have  learned,  over 
a  long  block  of  trials,  to  base  their  responses  on  an  intuitive  numerical 
calculation  rather  than  a  scanning  process.  In  a  second  experiment 
(DeRosa  6  Morin,  1970,  Exp.  II)  using  positive  sets  of  four  randomly 
selected  digits,  no  serial  position  effects  were  obtained. 

Exhaustive  scanning  seems  to  be  an  inefficient  process.  Why  should 
continue  to  make  comparisons  after  a  match  has  been  found?  Sternberg  (1969a) 
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has  confronted  this  question  by  suggesting  a  mechanism  for  which  an  ex¬ 
haustive  scan  would  be  more  efficient  than  a  self-terminating  one.  Suppose 
a  "comparator"  makes  the  comparisons  and  sends  a  signal  to  a  "match 
register"  if  and  only  if  a  match  occurs .  A  central  processor  or 
"homunculus"  controls  the  process  and  can  either  operate  the  comparator 
or  examine  the  match  register,  but  not  both  at  once.  If  substantial  time 
is  necessary  to  examine  the  match  register  it  could  be  more  efficient 
to  examine  the  register  only  once  after  an  exhaustive  scan  than  after 
each  comparison  of  a  self- terminating  scan.  This  is,  of  course,  only 
one  example  of  a  class  of  possible  mechanisms  for  which  exhaustive 
scanning  would  be  more  efficient  that  self -terminating  scanning. 

The  average  slope  of  the  RT  functions  in  both  of  Sternberg's  (1966) 
experiments,  about  3P  ms  per  character,  yields  a  comparison  rate  of 
about  26  characters  per  second  This  rate  is  much  faster  than  the  maxi¬ 
mum  rate  of  subvocal  rehearsal,  estimated  to  be  between  3  and  7  items 
per  second  (Landauer,  1962).  The  Ss,  then,  must  not  be  subvocalizing 
the  positive  set  after  the  probe  appears  but  before  responding.  They  do, 
however,  report  rehearsing  the  positive  set  before  the  appearance  of  the 
probe.  Rehearsal  may  serve  only  to  keep  the  positive  set  fresh  in  memory. 

The  Comparison  Stage 

Subvocalization  is  much  too  slow  to  serve  as  the  comparison  process. 
This  fact  does  not,  of  course,  rule  out  the  name  of  the  character  as  a 
possibility  for  the  kind  of  represertation  that  is  used*  names  might  be 
compared,  but  by  a  much  faster  mechanism.  What,  then,  is  the  nature  of 
the  comparison  process?  Sternberg  has  reported  several  experiments  relevant 
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to  this  question.  In  the  first  (Sternberg,  1967),  he  attempted  to  determine 
the  nature  of  the  representations  that  are  compared.  Sternberg's  experiment 
was  again  simple,  but  elegant.  Degrading  the  test  digit,  he  reasoned, 
should  lengthen  RT.  But  if  the  function  relating  RT  to  set  size  remained 
linear,  degradation  might  increase  either  the  slope  or  the  intercept  (or 
both)  of  the  function.  An  increase  in  the  slope  would  imply  that  the 
noise  added  to  the  stimulus  was  still  present  in  the  comparison  stage, 
reducing  the  comparison  rate;  hence  that  representation  must  have  had 
a  strong  sensory  component  and  might  have  been  a  raw  or  r, fined  image, 
a  template,  a  physical  feature  list,  etc.  (Representations  of  this  type 
will  subsequently  be  referred  to  as  images.) 

Tactors  affecting  stages  other  than  the  comparison  stage  should  be 
reflected  by  changes  in  the  intercept  of  the  function;  hence,  an  increase 
in  the  intercept  would  imply  that  some  additional  tine  was  required  to 
form  the  representation  of  the  stimulus,  which  might  then  be  free  or 
nearly  free  of  the  degrading  noise.  Such  a  representation  could  be  a 
highly  processed  visual  image  from  which  the  noise  had  been  removed  by  a 
filtering  operation.  It  might,  however,  be  an  acoustic  or  articulatory 
encoding  of  the  name  of  the  character,  some  other  verbal  label,  or  an 
imageless  concept  of  the  character.  (Representations  of  this  :ype  will 
be  referred  to  hereafter  as  names  or  verbal  labels.)  Identifying  the 
stimulus,  which  would  be  required  for  a  nan*  representation  of  It  to  b» 
formed,  should  require  more  time  for  a  degraded  than  an  intact  stimulus, 
accounting  for  the  increased  intercept  of  the  function.  Stated  in  term* 
of  the  additive-factor  method,  the  question  is  whether  the  effect  "»f 
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stimulus  quality  will  interact  with  or  add  to  the  effect  of  set  size.  An 
interaction  would  imply  that  th^se  factors  affect  the  same  stage,  the  coa- 
pcrison  stage;  additivity  would  suggest  that  they  affect  different  stages. 

Unfortunately,  the  results  of  the  experiment  were  not  as  conclusive 
as  one  would  hope.  The  Ss  were  run  for  two  sessions,  and  a  clear  increase 
in  the  intercept  was  found  on  both  sessions.  But  an  intercept  increase 
is  ambiguous;  it  could  result  if  the  representation  were  either  a  hijhly 
processed  visual  image  or  a  verbal  label.  On  the  first  session  only, 
there  was  a  small  but  significant  increase  in  the  slope  of  the  function. 
Sternberg  argued  that  any  evidence  of  noise  in  the  representation,  such 
as  the  small  slope  change  on  the  first  session,  precluded  any  sort  of 
name  representation;  he  concluded  that  the  representation  was  a  highly 
processed  visual  image. 

Investigating  the  generality  of  the  high-speed  scanning  process, 
Sternberg  (l$69a,  Cxp  *0  provided  another,  but  less  direct,  test  of  the 
kind  of  representation,  tfith  A<  K.  Triesman,  he  performed  a  character 
classification  experiment  using,  instead  of  digits,  a  set  of  nonsense 
forms  in  one  condition  and  a  set  of  photographs  of  faces  in  another, 
the  set  sis*  varied  from  one  to  four,  end  in  both  conditions  the  function 
relating  FT  to  set  site  was  linear.  The  comparison  rates,  shout  77  and 
It  items  |*r  second  for  forms  and  facet,  respectively,  were  somewhat 
ai'awer  then  the  usual  rate  for  digits,  but  the  results  were  otherwise 
similar,  in  addition  to  being  linear,  the  functions  for  negative  and 
positive  responses  were  equal  In  slope  for  fcvth  conditions,  indicative 
exhaustive  scanning*  The  stimuli  in  this  #*$orl**ot  differed  in  several 
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important  respects  from  digits.  They  were  not  familiar  to  the  Ss,  they 
were  unordered  and  were  not  symbolic.  The  similarity  of  the  RT  functions 
in  light  of  these  differences  suggests  that  the  comparison  stage  is  an 
important,  common  process.  That  these  stimuli  did  not  have  well-learned 
names  adds  support  for  the  conclusion  that  the  representation  used  for 
the  comparison  process  in  the  digit  experiments  was  not  the  name  of  the 
digit. 

In  an  experiment  that  may  have  forced  £  to  scan  through  a  list  of 
digit  names,  Sternberg  (1969a,  Cxp.  6)  found  a  quite  different  scanning 
rate.  In  thi3  study,  Ss  were  required  to  locate  a  digit  in  the  list 
rather  than  simply  to  determine  whether  or  not  it  was  present  (hence 
the  name  ‘'context-recall"  for  the  paradigm).  On  each  trial,  S  memorized 
a  new  list  of  three  to  seven  digits.  Then  a  probe  digit,  selected  randomly 
from  all  the  dibits  in  the  list  except  the  last,  was  presented.  The 
correct  response  was  the  spoken  name  of  the  digit  which  had  followed  the 
probe  in  the  list.  Thus  the  task  did  not  Involve  classification,  but  it 
must  have  involved  scanning,  since  RT  w/,s  an  increasing  linear  function 
of  the  length  of  the  list.  Analysis  of  the  serial  position  functions  in¬ 
dicated  that  Ss  scanned  seria  ly  through  the  list  in  the  order  nr « sen ted, 
tended  to  start  the  scan  at  the  beginning  of  the  list,  and  stopped  scanning 
u*en  the  test  digit  was  located.  Thus  the  search  process  was  self- 
•'  ;m(na ting,  so  the  slope  of  the  function  relating  RT  to  length  of  the 
list  Is  half  the  tine  for  one  opens  on.  The  attained  slopes  in  this 
e*per leemt  and  a  subsequent  replication  (Sternberg.  1W&.,  Cxp.  ?)  were 
IJ*  a  d  113  ft*  per  digit,  or  to  M  m  per  camper! f on,  yielding  a 
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search  rate  of  about  **  to  4.5  characters  per  second.  This  rate  is  well 
within  the  range  for  subvocai  rehearsal,  and  the  hypothesis  that  5s  sub¬ 
vocalize  the  digit  naaes  cannot  be  discarded.  If  this  rather  slow, 
self-terainating  process  is  characteristic  of  searching  through  a  list 
of  names,  the  context -recall  experiment  provides  acre  evidence  that  the 
scanning  process  in  the  usual  classification  experiaant  involves  sees* 
other  representation. 

One  possible  flaw  in  this  arguaent  is  that  the  experiaant  involved 
as  aany  responses  as  possible  stiaull,  rather  than  only  two  as  in  the 
previous  character  classification  studies.  To  look  into  this,  Sternberg 
(1969a,  Exp.  8)  devised  a  new  task  he  called  context-recognition.  On 
each  trial  a  new  list  of  digits  was  memorized,  as  before,  but  the  test 
stimulus  was  a  pair  of  digits  rather  than  a  single  digit.  The  two  test 
digits  always  had  appeared  consecutively  in  the  memorized  list,  but  at 
the  tine  oi  the  test  they  could  be  either  in  the  sane  order  as  their 
original  presentation  or  the  reverse  order.  The  St  indicated  which  by 
pulling  one  of  two  levers.  As  in  the  context  recall  experiment,  the  serial 
position  curves  indleattd  a  self-terminating  scan,  and  the  function  relating 
RT  to  set  size  wet  linear.  Tf.«  slope  of  this  function,  lie  *?.„*  per  digit, 
agreed  very  well  with  the  slope  found  in  the  context  recall  experiment. 
Response  uncertainty  seemed  to  have  very  little  effect  on  the  comparison 
rate. 

Memory  for  U*  foeltlv*  S*t 

Another  Important  geest  ion  U  the  nature  of  the  weaenr  system  that  holds 
the  posit!**  set.  There  ar*  at  least  tfsre*  possibilities.  purling 
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«*rwl  oth«Ti  have  studied  4  very  abort-ten*  visual  memory  system  which  seems 
well  suited  to  hold  vi-ual  Inag'/s  of  the  positive  set  lter.s.  Several  Inves 
tigators  have  studied  the  properties  of  an  intermediate  (short-term)  memory 
(referred  to  here  as  SIX.  e.g.,  Ujugh  L  Norman,  196*;  Bower,  1967, 

A* Vinson  t  Shiffrin,  1966)4  it  has  been  considered  primarily  as  a  store 
for  verbal  material.  Permanent  or  long  term  memory  (IT*)  is  another 
possibility.  Although  usually  studied  with  verbal  materials,  5T*  must  hold 
whatever  forms  of  information  we  are  able  to  retain  over  extended  periods, 
including  musical  tunes,  photographs,  smells,  etc.;  hence  It  could  serve 
as  the  store  for  images  of  the  positive  set  item*. 

The  very  short-term  visusl  store  can  probably  be  ruled  out  ,iwJ*dU;ely 
as  a  store  for  the  positive  set.  its  duration,  at  most  about  O.S  see,  is 
oo  brief  to  serve  even  for  experiments  using  the  varied-set  design.  In 
fixed-set  experiments,  5s  become  thoroughly  feed  liar  with  the  positive  set 
over  a  period  of  several  minutes,  and  it  surely  enters  ITX.  it  may  also 

be  maintained  In  ST*,  however,  by  the  rehearsal  process  mentioned  earlier. 

It  is  <tu*stlonable  whether  there  is  sufficient  time  la  the  varied-set 
design  for  the  positive  set  to  enter  ITK.  The  similarity  of  the  results 
with  the  fixed-  and  varied-set  procedures  suggests  that  the  same  sew* 
mechanism  |«  uied  for  both,  fry  elimination,  that  mechanism  is  probably  STD 

S**mLerg  419*  -a,  Exp.  S)  performed  an  experiment  to  test  *hls  hypo* 
thesis.  At  the  beginning  of  each  hlocV  of  trials,  a  positive  set  coo- 
slating  of  digits  vat  memorised.  At  the  beginning  of  each  trial,  a  list 
f  letter*  wa*  presented  *ef»**kt  ially.  at  a  rat*  fJt  tvs  tetters  per 

seconl.  'Oo  some  trials,  the  list  »*»  followed  by  a  signal  to  retail  the 
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letters.  On  the  regaining  trials,  a  probe  digit  was  presented,  and  £  per- 
forsed  the  usual  classif i cat  ion  task.  It  was  intended  that  the  list  of 
letters  would  occupy  STK  to  the  exclusion  of  the  positive  set.  The 
would  then  be  forced  either  to  perform  the  search  in  LTX  or  transfer  the 
positive  set  iters  to  STK  before  scanning  thee.  The  results  revealed  a 
serial,  exhaustive  search  process,  but  the  search  rate  was  only  about  half 
the  usual  rate,  and  the  intercept  was  increased.  The  intercept  increase 
sty  have  been  caused  by  S's  uncertainty,  until  the  probe  was  presented, 
about  whether  the  trial  would  b*  a  letter-recall  trial  or  a  digit- 
classif ication  trial.  These  data  indicate  that  the  usual  scanning  process 
is  not  performed  on  iteo*  in  LTX»  hence  !■  probably  involves  STX.  The 
source  of  the  reduction  in  scanning  rate  In  this  experiment  cannot  be 
deduced  fro*  available  data.  Sternberg  ( lt&*a  1  has  favored  an  explanation 
based  on  a  separate  serial  transfer  of  {tens  into  tm. 

The  results  described  to  this  point  lead  to  a  rather  unexpected  con¬ 
clusion.  Evidence  hit  been  put  forward  that  the  memorised  items  of  the 
positive  set  are  held  In  ST*,  perhaps  through  subvuc*.  rehearsal  of  their 
-omes,  until  the  probe  Item  is  presented  and  the  cowpar  .son  process  begins. 

A  visual  isag*  ad  the  probe  is  employed  for  tnc  comparisons.  Ugl<  ally, 
then,  the  representation*  of  the  posit  v*  set  item*  must  be  visual  tniges* 
otherwise,  conpsritone  would  be  impossible.  The  unexpected  conclusion 
t*  that  visual  ere  held  for  a  considerable  *in*  .a  5**,  in  contrast 

to  IV  usual  notion  of  ST*  as  a  store  for  verbal  t  at«riala.  Alto  surprising 
Is  the  implication  that  tfe**e  are  maintained  In  by  rehearsal 

of  tb*ir  heme*.  Since  this  conclusion  r*#ts  on  the  find. eg  that  th* 
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comparison  sxngt  Involves  a  visual  image  of  the  probe,  it  is  perhaps 
appropriate  to  examine  additional  evidence  on  that  point. 

leases  or  Names?  .Hore  Data 

The  most  direct  evidence  available  is  an  attempt  by  Bracey  (1969)  to 
replicate  Sternberg’s  (1967)  experiment  or  the  effect  of  stimulus  quality, 
•ernberg  used  the  same  noise  pattern  to  degrade  the  stleull  throughout 
*he  experiaent,  and  Brace/  reasoned  that  Ss  might  become  proficient  at 
filtering  out  that  particular  noise  pattern  during  preprocessing.  Con¬ 
sequently,  he  compared  performance  with  intact  and  degraded  stimuli  for 
two  groups,  one  with  fixed  noise  (the  same  throughout  the  experiment), 
and  the  other  with  four  diiferent  noise  patterns.  Neither  group  showed 
any  difference  between  the  slopes  of  the  functions  for  Intact  and  degraded 
stimuli,  although  degradation  did  cause  an  intercept  increase  for  both 
groups.  Brvacey*t  failure  to  replicate  Sternberg's  intercept  effect  Is 
not  as  conclusive  as  one  might  wish,  however.  Each  function  appeared 
to  be  negatively  accelerated,  although  the  deviations  from  linear  trends 
were  not  statistically  significant.  In  any  cate,  failure  to  find  an 
increase  in  the  slope  when  the  stimulus  is  degraded  does  not  rule  out  a 
visual  image  representation.  Eve n  with  varied  noise,  Ss  nay  be  td>le  to 
rescue  the  noise  free*  the  isoge  before  the  comparison  stage  begins. 

Two  **per Iments  similar  to  Sternberg's  experiment  with  fonts  and 
fares  (Sternberg,  1969a,  Exp.  *)  have  been  reported  by  Br.ggs  and  his 
coll«4gw«s  (fer.ggs  i  tuaha,  1969;  Swanson  &  Briggs ,  1969).  in  such  experi- 
vests,  the  id»a  is  that  if  S  uses  a  visual  image  rf  the  stimulus  for  the 
camper  loom  process,  the  c  taper  i sew  rate  should  fce  similar  whether  cr  tot 
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the  stiouli  have  well-loarned  names.  Otherwise,  the  rate  eight  be  radically 
different  or  a  different  process  altogether  sight  be  used.  In  the  first 
experiment  (Briggs  6  Blaha,  1969),  both  the  size  of  the  memorized  set  and 
the  number  of  probe  iteas  presented  on  a  trial  were  varied,  and  Ss  were 
given  extensive  practice.  The  iteas  were  nonsense  geometrical  forms.  Tor 
trials  with  only  one  probe  the  task  was  the  sane  as  Sternberg's,  and 
the  results  were  very  similar.  The  functions  relating  RT  to  size  of  the 
memorized  set  were  linear  for  both  positive  and  negative  responses. 

Equality  of  the  slopes  of  the  positive  and  negative  functions  indicated 
serial,  exhaustive  scanning.  The  slope,  about  35  ms  per  item  early  in 
practice,  agreed  well  with  Sternberg's  (1966)  results  for  digits.  The 
resulting  coaparison  rate,  about  29  items  per  second,  was  faster  than 
Sternberg  found  for  nonsense  forms  (22  items  per  second),  but  this  differ¬ 
ence  ary  be  accounted  for  by  differences  in  the  populations  from  which 
forms  were  selected  for  the  two  experiments,  and  by  the  extra  practice 
in  the  Briggs  &  Blaha  (1969)  study.  Briggs  C  Blaha  (1969)  found  a  decline 
in  the  slope  of  the  function  (hence  an  increase  in  the  comparison  rate) 
wit**  practice. 

In  a  very  similar  experiment,  however,  Swanson  t  Briggs  (1969)  found 
a  logarithmic,  rather  than  linear,  increase  in  RT  with  the  number  of  items 
In  the  positive  set.  The  same  sort  of  random  forms  were  used,  and  the 
positive  set  varied  in  size  from  one  to  eight.  Only  a  single  test  item 
was  presented  on  each  trial.  The  experiment  was  designed  to  examine  the 
effect  of  accuracy  criterion,  which  was  varied  between  groups.  The  low 
accuracy  group  produced  faster  RT's  and  more  errors  (9%  versus  0.5%),  but 
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no  Interact  ion  was  found  between  the  effects  of  set  size  and  accuracy 
criterion.  Separate  functions  for  positive  and  negative  responses  were 
not  reported.  A  simple  serial  comparison  process  will  not  account  for 
the  results  of  this  experiment,  as  it  will  for  the  other  two  (Briggs  t 
Blaha,  1969;  Sternberg,  1969a,  Exp.  4);  hence  the  results  of  these  experi¬ 
ments  are  equivocal  with  respect  to  the  kind  of  representation  used  dur  .g 
the  comparison  stage. 

Another  way  to  investigate  the  code  used  for  comparison  is  to  select 
items  for  the  stimulus  set  which  arc  similar  on  some  dimension  that  is  sus¬ 
pected  to  be  relevant,  and  see  if  that  similarity  causes  interference,  thereby 
slowing  the  comparison  rate.  Chase  &  Posner  (1965)  have  reported  one  rele¬ 
vant  experiment  Letters  were  used  as  stimuli,  and  one  of  their  three 
conditions  was  a  character  classification  task.  The  letters  used  were 
chosen  to  be  either  visually  confusable,  acoustically  confusable,  or  neither 
(neutral).  Visually  similar  stimuli  should  result  in  slower  scanning  if 
visual  images  were  used;  acoustically  similar  stimuli  should  cause  slower 
scanning  if  names  or  verbal  labels  were  used.  The  latter  assumption  was 
based  on  the  familiar  finding  (see  Conrad,  1964;  Wickelgren,  1969)  that 
items  in  STM  are  primarily  encoded  as  acoustic  or  articulatory  represen¬ 
tations  of  their  spoken  names.  They  found  no  difference  between  the  groups 
with  acoustically  similar  and  neutral  stimulus  sets,  but  the  scanning 
rate  was  significantly  slower  for  the  group  with  visually  similar  stimuli. 

Thus  the  results  supported  the  hypothesis  that  the  representations  compared 
were  visual  in  nature. 

In  a  similar  experiment,  Chase  C  Calfee  (1969)  varied  modality  of 
the  positive  set  (visual  or  auditory)  and  modality  of  the  test  item  (visual 
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or  auditory)  as  well  as  the  type  of  material  (letters  which  were  visually 
similar,  acoustically  similar,  or  neutral).  Two  experiments  were  performed, 
one  a  within-Ss  design,  the  other  between-Ss;  the  varied-set  procedure  was 
used  for  both  experiments.  Ho  effect  of  similarity  was  found  in  either 
experiment,  in  contrast  to  Chase  6  Posner  (1965)  who  found  an  effect  of 
visual  similarity.  However,  scanning  rates  tended  to  be  faster  when  the 
positive  set  and  test  items  were  presented  in  the  same  modality  than 
when  the  modalities  were  different.  The  authors  concluded  that  "... 
specific  sensory  information  may  reside  in  STM  for  a  period  of  a  few 
seconds  and  facilitate  recognition  of  verbal  materials  (Chase  t  Calfee, 

1969,  p.  513)."  Their  conclusion  is  somewhat  weakened,  however,  by  the 
absence  of  any  effect  of  similarity.  If  visual  or  auditory  information 
were  present,  one  should  expect  an  effect  of  visual  or  auditory  similarity. 

This  experiment  raises  an  interesting  possibility.  Suppose  Ss  are 
capable  of  using  either  a  sensory  image  or  a  verbal  label.  Wnen  modalities 
of  presentation  and  test  match,  sensory  images  are  utilized,  saving  the 
extra  encoding  time  necessary  to  produce  a  verbal  label  or  name.  One 
would  then  expect  an  increased  in  crcept  when  the  modalities  did  not 
match,  accompanied  by  a  changed  slope  (since  there  is  no  reason  to  believe 
priori  that  the  comparison  rate  for  names  would  be  exactly  the  same 
as  for  sensory  images).  The  data  of  Chase  £  Calfee  agree  with  the  slope 
prediction,  but  the  intercept  differences  tend  to  be  in  the  opposite 


direction. 
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STU  as  a  Store  for  Images 

V'h i  1  **  It  Is  not  conclusive,  the  available  evidence  sees*  to  indicate 
t  it  a  visual  Snag*-  of  the  probe  is  indeed  used  for  the  cospar ison  stage. 
rV’4.1  the  implication  remains  that  visual  .rages  of  the  positive  set  iteas 
»s e  tor  d  In  STM.  Independent  evidence  that  this  is  possible  would  be 
desirable,  Posner  (1969)  and  his  colleagues  have  reported  a  series  of 
experiments  that  eea  to  support  the  idea.  In  several  studies  (Posner 
f.  *e.*le,  lr*t>7 ;  Posner,  Boies,  Eichelman,  l  Taylor,  1969)  two  letters 
were  presented  visually,  separated  by  an  interval  of  zero  to  two  seconds, 
he  Ss  were  required  to  press  one  of  two  keys,  indicating  whether  or  not 
the  two  letters  hav>  the  sane  name.  The  letters  could  be  physically 
identical,  they  could  have  the  sane  name  but  be  different  in  case,  or 
be  different  letters.  The  difference  in  RT  for  the  "samr*1  responses  be¬ 
tween  pairs  which  were  physically  identical  and  those  which  were  the 
same  in  name  only  declined  from  about  90  m3  to  almost  zero  over  the 
two  second  interval.  Posner  (1969)  has  argued  that  physical  identity 
matches  produce  faster  RT's  because  the  matches  occur  on  a  more  primitive 
level  and  involve  only  coded  sensory  information.  Matches  based  on  name 
identity,  when  case  differs,  necessarily  occur  at  a  higher  level  and  are 
based  on  verbal  labels.  Proceeding  to  the  higher  level  requires  the  extra 
tine  iflected  by  the  RT  difference. 

The  conditions  of  presentation  of  the  visual  stimuli  were  varied 
substantially  among  several  studies  (see  Posner,  1969).  Variation  of 
the  luminance  of  the  display  and  the  exposure  duration,  and  the  presence 
of  a  visual  noise  field  in  the  interval  between  the  letters  had  no  effect 


1? 


on  the  RT  different®,  Although  the  absolute  v»i«#  of  tt  varlmf.  Tht*« 
results  ma*.©  It  doubtful  that  the  sensory- level  cooforloum*  ere  based 
on  an  image  in  the  very  short-term  visetal  store  iH?I.  to  on* 

particular  experiment  (Poiwr ,  ot  el.,  itiO)  *&•  let  mre*  between  Utter* 

(held  constant  at  O.S  sec)  was  either  Man* ,  contained  vlrwel  anise,  or 
contained  a  pair  of  digits.  n  trials  when  digits  were  presented,  w» 
required  to  add  the*  and  report  the  awn,  after  respond  jcg  to  the  eearml 
letter  in  the  utual  way.  loth  visual  noise  and  the  atSltlo*  us*  yielded 
greater  RT'a  than  the  Man*  field,  tut  only  the  addition  t«*>  fUslM'.el 
the  difference  between  RT  for  physical  Identity  and  name  Ide-tlty. 

These  results  are  consistent  with  the  hypothesis  the’  the  eemaory 
Information  is  held  In  STK.  The  Information  it  unaffected  by  «f  tM*s 
that  should  interfere  with  images  in  the  very  shsrt-urt  visual  sura, 
but  is  affected  by  a  taeV  (adding  digits)  that  distracts  attaints*,, 
it  is  widely  accepted  that  attention  is  required  to  mo Into  In  Information 
In  STK  (Posner  4  Postman,  idti*  Crowder.  IKf), 

The  problem  remains,  however,  t  -at  the  itemeory  infamatlom  ##*o  not 
last  very  long.  It  has  either  disappeared  m  le,a»*  Ineffective  after 
about  two  seconds.  Storage  or  that  dwratlar  wwid  rat  for 

character  classtf icatton  tssht,  even  with  <h*  varnaf-sat  procedure  Thw 
fixed. set  procedure  would  require  sensory  storage  iettisg  several  olnot**, 
A  possible  escape  from  this  dilemma  Is  jwUd  by  a  further  aerie* 
of  experiments  by  Posner  (Posner,  et  al. .  1HI).  Vtd*f  t«*  ttdPio*, 
evidence  has  been  found  that  It  may  be  capable  ef  feoetatlng  a  vltoal 
code  for  comparison  with  an  expected  letter.  The  evldeere  same*  trem 
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a  word,  no  vowels  were  used.  The  ten  consonants  employed  (b,  D,  G,  H.  J, 

M,  V«  0,  9,  end  T)  were  selected  for  naxieum  dissimilarity  of  their  upper 
end  lower  cese  representation* .  Theae  letters  were  specially  programs isd 
to  resent le  Metro  Thin  Ho.  7  type  face,  which  was  chosen  for  Its  simplicity 
and  for  the  normative  appearance  of  its  letters  (for  example  .,  e*>  Tig.  1). 


rig.  1.  The  stimulus  display  on  a  typical  trial  In  the  Physical  Identity 
Condition.  The  stimulus  events  actually  occurred  sequentially, 
as  described  In  the  tent. 


Upper  caaa  letters  «err  ?.*  cm  (0.9b  in.)  high.  Lover  case  letters  varied 
*r  st  l.«  cm  (e.g.,  n)  to  7.0  cm  (J)  high  (0.5b  to  1.0  in.). 
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The  experiment  was  run  in  blocks  of  *♦«*  trials.  The  size  of  the 
positive  set  varied  randoalv  froo  one  through  five  acrors  trials;  each 
bloct  of  trials  consisted  of  four  warn-up  trials  followed  by  forty  experi¬ 
mental  trials,  including  eight  with  each  positive  set  size.  A  positive 
r«  pon:;e  was  appropriate  on  half  of  the  trials  with  each  set  size. 

There  were  two  experimental  and  two  control  conditions  in  the  cxperiscnt. 
In  one  control  condition  the  letters  in  the  positive  set  and  the  probe 
letter  were  all  upper  case.  The  other  control  condition  was  the  saae, 
except  all  of  the  letters  were  lower  case.  In  one  experimental  condition 
(Physical  identity),  half  of  the  letters  in  each  positive  set  were  upper 
case  and  half  were  lower  case  as  nearly  as  possible.  With  set  size  one, 
three,  and  five,  each  case  predominated  in  the  positive  set  on  half  of  the 
trials  within  each  block.  The  probe  letter  was  upper  (lower)  case  on  half 
of  the  trials  for  each  set  cize  within  a  block.  In  this  condition,  S  was 
required  to  give  the  positive  response  (by  pressing  the  right-hand  key) 
if  and  only  if  the  probe  letter  physically  matched  some  character  in  the 
positive  set  (i.e.,  w»s  the  saae  name  and  the  same  case).  Consequently 
there  were  two  kind  of  negative  (left  key)  responses.  On  half  of  the 
negative  trials  with  each  set  size  the  probe  letter  had  the  saae  naae 
but  was  different  in  case  from  some  letter  in  the  positive  set.  These 
will  he  referred  to  as  case-aisaatch  (CM)  negative  trials.  On  the  re¬ 
mainder  of  the  negative  trials,  the  probe  did  not  have  tne  saae  name  as 
anv  letter  in  the  positive  set  (pure  negative  trials).  In  the  second 
xperieentai  condition  (Nase  Identity),  the  positive  set  was  defined  by 
th-  rases  of  the  letters  it  contained.  When  the  positive  set  was  presented 


27 


to  £  at  the  beginning  of  each  trial,  both  the  upper  ana  lower  case  repre¬ 
sentations  of  each  letter  were  displayed,  simultaneously,  with  the  lower 
case  appearing  immediately  below  the  upper  case  on  the  screen.  The  probe 
letter  was  upper  (lower)  case  on  half  of  the  trials,  but  its  case  was 
irrelevant.  The  S  gave  the  positive  response  if  its  name  was  the  same  as 
the  name  of  some  letter  in  the  positive  set  and  the  negative  response  otherwise. 

Each  S  served  in  three  conditions,  one  of  the  control  conditions  and 
both  experimental  conditions.  The  Ss  were  run  individually  for  two  sessions 
of  one  and  one-half  hours,  about  one  week  apart,  A  sessior  consisted  of 
sev  n  blocks  of  trials,  a  practice  block  followed  by  two  blocks  under 
each  of  the  three  conditions.  The  control  condition  in  which  the  £  did 
not  serve  was  used  for  the  practice  block.  All  six  possible  orders  of 
administration  of  the  three  conditions  were  used.  To  accomplish  this,  £s 
were  divided  into  eight  groups  of  three  £s  each,  four  groups  under  each 
control  condition.  The  order  of  administration  of  conditions  for  the 
upper  case  control  groups  was  counterbalanced  with  one  latin  square.  The 
orthogonal  latin  square  was  used  to  counterbalance  the  groups  having  the 
lower  case  control  condition.  Each  £  received  the  conditions  in  the  same 
order  in  both  sessions.  A  rest  of  about  30  sec  was  allowed  between  the 
blocks  of  each  condition,  with  a  five  minute  rest  between  conditions. 

Figure  1  illustrates  the  display  on  a  typical  trial.  Each  trial  be¬ 
gan  with  sequential  presentation  of  the  positive  set.  Each  letter  was 
surrounded  by  a  rectangle  3.1  cm  high  und  2.2  cm  wide  (1.2  by  0.87  in.) 
and  was  displayed  for  1.2  sec.  The  area  enclosed  by  the  rectangle  was 
then  made  solid  white  for  O.S  sec  to  mask  the  trace  of  the  letter  left  on 
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'he  screen  by  the  s low-decay  phosphor  (P7)  used  for  this  display.  The 
next  4e»ter  in  th*  positive  set  appeared  immediately  on  termination  of  the 
ai  K  of  the  previous  letter.  The  letters  were  presented  in  a  row  across 
the  upper  pur»  or  the  screen,  always  beginning  at  the  exteae  left  side. 

^  te la  of  2.0  sec  intervened  between  the  last  letter  in  the  positive  set 
»ni  the  warning  signal,  which  was  the  appearance  of  the  rectangle  in  the 
center  of  the  screen.  One  second  later  the  probe  letter  appeared  in  the 
rectangle;  both  the  rectangle  and  the  letter  rcoained  on  the  screen  until 
_  made  her  response.  Immediately  following  the  response,  the  word  "correct" 
or  ""rror"  appeared  in  the  lower  left  corner  of  the  screen  for  2.0  sec  in¬ 
fer*  I  r.g  S  about  the  accuracy  of  her  response.  Between  termination  of 
th**  feedback  and  the  beginning  of  the  next  trial  there  was  a  delay  of 
O.b  rsec.  The  spatial  position  in  the  positive  set  of  the  letter  which 
matched  the  probe  on  positive  trials  was  varied  randomly,  under  the  con¬ 
straint  that  each  serial  position  was  sampled  equally  often  as  nearly  as 
possible.  In  the  Physical  Identity  Condition  the  spatial  distribution  of 
upper  and  lower  case  letters  in  the  positive  set  was  varied  unsystematically. 
The  probe  letter  for  each  trial  was  chosen  randomly  from  the  appropriate 
set  (the  positive  set  or  its  compliment). 

At  the  beginning  of  the  first  session,  £  was  given  a  general  des¬ 
cription  of  the  task;  before  the  first  block  of  each  condition,  she  was 
given  additional  instructions  pertaining  to  that  specific  condition 

(verbatim  instructions  are  given  in  the  Appendix).  The  £  was  instructed 
regarding  accuracy  as  follows: 


As  you  can  see,  the  'as*  is  easy  a&d  you  should  i*  i6i« 
to  respond  correctly  on  almost  every  trial.  It  is  isj*or?,ar.i 
that  you  do  so.  I  want  you  to  respond  as  quickly  as  you  can 
while  eaintaining  a  ilph  level  of  accuracy.  Try  to  he  fast, 
but  don't  try  so  hard  that  you  *afcc  unnecessary  errors. 

The  S  was  reainded  of  the  general  instructions  at  the  beginning  of  the  second 
session,  and  the  specific  instructions  were  repeated  before  each  condition. 
Any  S  who  made  sore  than  18  errors  in  the  ?6««  trials  of  the  six  experimental 
blocks  on  either  session  was  discarded.  Tne  Ss  were  not  informed  of  this 
criterion  in  advance.  Five  of  the  original  2<*  Ss  were  excluded  by  the 
error  criterion;  new  Ss  were  run  to  replace  then. 


a *rtt%  tit 


ftCfMLTd 

Tim  ««  4  fysJBt  t*w  |r*4U<*  ,  t*«*  hr«i  f«*«r  trial*  la 

({«K*.  *vi  4ii  of  t*j*  %*•)  tM«rr«i(  wr«  <(K4ri«i 

fW  *4  ,4  4»i  4  ft-sj  14-*  4«fT*  %4**.T»*4t**l  f  W  !  k«  r*Of*ifelsg  r*'»|«r4**'S 

•*  -I "*  -ft,  e<**t iliw  of  ;4H» ,,»«  m»  in*  U),  miiM, 

r*  ,on» ,  *!*  foSiewi**  analysis  U  »*M*i  «»  tfc*  r«i«tt{i<  naans.  tr*- 

Ha.  Unary  iMiyiii  wim  ned.ana  ea  <if(*r*«(*i.  *$•»  s»^* 

tls>»  awdjafiS  wwr-r  typt  ;4lly  f'Wlawfca t  fwU*r  tM*  Ito*  «*4«s»  reflastltg  tft* 
of  n«ct{««  tl»*  to  N  positively  Ofw4. 

**an  reaction  tine  is  plotted  as  a  function  of  set  tilt  for  each  ©00* 
dltioo  separately  in  ri|.  7.  The  ftnctiMi  for  the  Upper  and  Lower  Case 
Controls  and  Ji«»e  Identity  Condition*  appear  to  be  toll  described  fey 
straight  lin«t.  The  least -squares  criterion  was  used  to  fit  the  lines 
shown,  and  they  account  for  9S.f>%,  99.it  and  99.71  of  the  vtntoc*  in  the 
Upper  Cos#  Control,  Lower  Cos*  Control,  and  hose  Identity  Conditions,  res¬ 
pectively. 

The  five  points  for  the  Physical  Identity  Condition  ore  not  so  easily 
described.  The  lost  four  ( a_  *  7-S)  ore  well  fit  by  o  straight  line, 
but  th«*  point  ot  £  *  1  is  well  below  the  line  through  tie  others.  Several 
considerations  nake  it  seen  reasonable  to  ignore  thie  point  in  the  data 
analysis.  Tirst,  a  primary  goal  of  the  study  was  to  oeasure  the  rate  of 
search  through  senory  under  that  experimental  condition,  and  it  secss  clear 
that  the  slope  of  the  best  fitting  straight  line  through  the  other  four 
points  is  a  better  estiaate  of  the  search  rate  than  would  be  the  slope  of  a 
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*o*nvc  srr  sac  $ 


ri*.  ?.  Hmd  RT  At  «  function  of  »«t  iit«  for  «#eh  Litton,  averaged  wf« 
tubjeett,  Motion*,  And  responses.  Cquotioo  of  the  rtroight  lint*, 
flttod  by  tho  loo «t -squared  not  hod,  or#  given.  For  the  Physical 
Idootity  Condition,  tho  lino  1*  bocod  only  on  tho  point*  for  »  *  ?•*; 
tho  onisaion  of  tho  point  At  i  •  1  it  discussed  in  tho  tout.  " 


lino  throt^h  oil  fiv#  point*.  Second,  thoro  wo*  unavoidable  confounding 
in  tho  dot*  for  £  •  1  in  thi*  condition.  Sine*  tho  positive  oot  con to i nod 
only  on*  lottor,  only  on*  coo*  (upp«r  or  lower)  'tould  b*  represented  in  it. 
Consequently,  o  failure  of  th*  coo*  of  th*  probe  letter  to  notch  the  cote 
of  th*  positive  set  mo*  sufficient  infora* tlo<  for  o  negative  response. 


*? 


*.*$*»#*  r*f **<•*»  •  1*  fi*  MhM  *f  IM  ;sm»4*«4  T*0  it  1  *U |i»i  •*►» 

,***.;•!  U  •*.]•  NT<  Mil****  «•  tut  IM  irui«  I*  t«M 

•  Mi  MK<«I  «f  Ml  ;«MT  («M  |TI>M  Ml  MlMn  C#  («M 

AM”  V  *Hl  I  «Mt(  *»,  *»  «*tl  It  Ifni  H«Bj  irt  «f  III  tM  type*  lit  Mfl> 

*rUl  U  ill  Tin,  «i  «  *  lt  tMr*  wr*  «fMt  mt  m«r  mi 

*  <w«r  «  •  i«  »»tl**  Mt«.  M  •  fMtit  «f  Hum*  mtrUtlMi,  •  v  <«m  of  «*» 
i  tin  «t  itwir*  muM  is*  £*m  *f  is*  pro>»  •»  per*  Mfiuw  iruu. 

*'**  Mir  6*4*1 ie#  trUU  io*#J**d  •  ;«m  »iiMislk.  It  I  omM  mi*  * 
rriilalMrt  tost  for  cih,  mv  «m!4  iim  eaprtt  «  r*ft*?tlwi  it  rmci l« 

Um  lor  CV  '-fil  l**  rtr|MM«  |  •  1.  TM»  |M4tetiM  U  emtirm+d  by 
r  if.  1,  ||  wSiCtl  IV  CH  M|llivi|  (MT*  M|lllvi,  Ml  IMitlVl  flfOM* 
f#»«l lout  *r*  plotted  MfttNiily  for  tV  Physic*!  ifntltir  Conditio*. 

$4{*5»  tVt)  tVt  4  fOMd  tv  COM  of  tv  proto*  MtCVd  tV  cos*  of  t V 
posit!**  set.  0ft  tv©  thirdt  of  inch  trlolt  th*  positive  mponi*  wo* 
correct*  th*  nMiiinf  triolo  «n  pur*  M|«Uv«  trUis,  TV  I  Vo  loot* 

.Sou Id  Hiv*  tV  *ff*et  of  reducing  aooeehst  tv  von  positive  tuition 
t  »mh»  end  incress  inf  tV  von  pur*  n*f*tlv*  reaction  t  i*e.  Lf  £  ecu  Id  t*k* 
*dv*nf*f*  of  tV  redundancy.  Again*  rig.  3  confirm*  the-  prediction.  Thl* 
.ir-fuoem  costs  son*  doubt  on  tv  reliability  *nd  Vne*  tV  usefulness  of  tV 
d«t*  «t  tVt  point.  Tor  tVs*  r**sons,  th*  data  it  •  *  1  In  tV  Physic*! 
Identity  ondition  wet*  escluded  froo  furtVr  analysis. 

A  straight  iln*  function  relating  r«*ction  tin*  to  Mt  sis*  w«t  c*l~ 
culeted  by  ?v*  least-squares  net hod  for  esch  combination  of  subject,  con¬ 
i'  ton,  session,  «nd  response.  Subsequent  tests  were  performed  on  tV 
result  inf  slopes  «nd  intercepts. 


fosmvc  set  sat  • 


rig.  3.  Nm«  IT  m  •  function  of  set  ill*  far  positive,  CH  n*gat ive  at*3 
for*  negative  rtifOMM  of  th*  thy* leal  Identity  Condition, 
oventged  over  subject*  and  responses.  The  straight  lino*  .how 
tore  fitted  by  th*  io**t>a^u*r*»  net  hod  to  th*  points  for 
*  *  ?-S  only.  Omission  of  th*  point*  it  i  •  1  U  discussed  in 
tb*  tost. 


Sine*  two-tailed  t**t*  revealed  no  significant  difference  between 
the  two  control  conditions,  either  in  slope,  tit)  «  1.(411,  £  >  0.1,  or 
intercept,  t(t)  •  0.311,  £  >  (.3,  they  were  combined  and  treated  subsequently 
as  a  single  condition  (Control).  These  and  all  other  t_  test*  were  performed 
on  the  values  obtained  by  averaging  across  the  three  Ss  in  each  of  the 


*  •£  *  gr*** »  (  f«r  t js**  of  «*»*»*•?  eeviesti i*4  tv  erVr  9#  *©n ’■*►* 

*»&.«*»>  '««  1  :**  ovftee  it). 

*  *m.*If*i*  at  v*t  .t*m  *  pmrtmrmmi  **  tv  ree^eied  « 

«,*  «,  m  c-amiUim*  *  .H.r»t,  £  *  *#4  *  *.sgi».ifi®a*i 

*  **«•  >***-  ,*t erection  4  *  $**» k»w  *  *  >„#!#. 

‘.ttl.  *V  <nr*,fi.  *!)».' •  t  r*f  Vtaiftft*  *4  te-epoft***  **4  *il  tVe*  two  4*4  f 

t*ro«  1  *•*»«  failed  r»*,&  **ge ill* aoc* .  4  Vernae.  Vui*  teat  reveal*! 
t  ‘.**  tl*  »V*t  *i  S4«*ti(7  *41  tt|Mfi  ««)ty  fm  )Sl»* 

*Mf«J  «*)  Ke*e  V0*4itt**,  attic*  wf»  Ml  4ttftr*ft!  fr  a* 

of;  *r . 

?V  intereitlon  resulted  (r««,  9  differed*  aeo**  f«4 i t 

tv  rtri*  In  the  r*U(l««fM|t  k*)*ws  **.w  for  positive  asd 

r«t;9»ti  as  *  fwicttM  of  ^ructlct.  TV  Control  C«4Ute*  t»w»< 

4  *4(1  tut  tliniflCMt  4tn'<r«M«i  U?)  •  ?.*H,  ^  «  6. OS,  Vtveer  tV 
slopes  for  Hr#  it* 4  v40r.lv*  responses  on  the  first  sessiet ,  tali  M 

(iif{rr«nt*  cm  tV  mont  Hilton,  and  no  ftffmtKt  fw  the  tonMorf 
TV  taut*  Identity  Condition  ihoml  no  4iff«mct  on  tV  first  cession,  hit 
o  ;^ttMtU]  difference,  t<?)  •  S.0S9,  ^  «  0.01,  on  tho  second  session 
and  4  significant  overall  difference,  t(7)  *  l.MI,  £_  «  0.0S.  In  those 
c4a*s  uVr*  th*  difference*  between  th*  slopes  for  positive  and  negative 
responses  wei«-  significant,  th*  positive  response  slopes  were  s viler. 

TV  fhysicsl  Identity  Condition  showed  no  difference  on  either  session  fce- 
tv**n  the  positive  function  and  the  combined  negative  functions.  The  slope 
of  the  CM  negative  function  did  not  differ  significantly  from  the  slope  of 
•h*  par*  n*gative  function  on  either  session. 


lit.  H  **rl*s*«  |«r  l9nm$  m  !*»  l***n«{  t*  kimK  *  I  t%if  J**M 

«t  c«mHi r(9>fi  ♦  tun,  £  *  f.Kt.  * 

l.tVt,  £  *  l.e..  #s*e  ♦  J*.*V*.  *  S.M,  Nt  *<« 

Irtf*  nwii.  A  *>**»;,■  ##•#*♦  (Ml  «i*U  2*4 '.<>*?  «f  is* 

fb$ta  «{f(Kt  H  (,*n2{'tofe»  ««t  4v>  **!ir«ty  ;«  tin  %iiui  Ikttkt  C«#42t2«, 
vfcUft  trtt  |f*tt*f  tMfc  *t  It*  «N4'*1  !«.  tin  :4*ttity  (M> 

4it(w,  4*#  «4  4*i*  CJt  (vttttiw  «»t  *if*tf(  *  fit  tr**\*t 

tlM  tt*  lMtr(«^t  *U»#f  IN  («•  NC*t(v«  *  MU?,  ^  *  0.01 

«r  It*  fotltlr*  U?)  ♦  J.TH,  L  *  0.61.  Tfc*  4lt!*t**fC*  t 

ih*  {tar*  *nj  {«iUt««  fwKtiaftt  km  Mt  »U 

TV*  Of  iKOITlft  «•  *  function  of  t«t  til*  It 

t!awn  for  tM  Um  (oofltieett  (a  T«61*  I.  TV  «r**r«il  *rror  rote*  wr* 


TAILS  S 

r*oro*7:o*  or  incomer  urmscs  it  str  site 
re*  each  cosmos  a*o  piTroe.se  rrrt 


Condition  ini  6«k>mm«  Type 

Soi  sit* 

1 

9  3  * 

s 

Control 


Positive 

0.093 

0.013 

0.018 

0.036 

0.0*9 

Jefstive 

0.091 

0.091 

0.018 

0.099 

0.091 

Ksne  Identity 

Positive 

0.010 

0.03* 

0.036 

0.093 

0.069 

Kef stive 

0.018 

0.093 

0.016 

0.093 

0.070 

Physics!  Identity 

Positive 

0.096 

0.03* 

ft.  086 

0.086 

0.10* 

CK  Kefstive 

0.009 

0.C69 

0.078 

0.09* 

0.1*1 

Pure  Kefstive 

0.091 

0.000 

0.006 

0.003 

0.0S7 

K 
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t1  .«i$moAia.  Tt<*  «mr  r***  inwtctu^Uir  «•? 

*!#•  t*  ttTjU*  1  14**1 l 4U  Mt  tl^(*  «7*t«m4",lr*tty 

*i«>>  *  U  •h  -r  tin  C«*ir«t  «r  »!•  ***•  !4*ftUty  C*e»J,t (•&». 


chart*  iv 


DISCUSSION 

The  eaperioen t  r^or.«4  here  included  a  Centro*  Condition  that  should 
i*m  *s  «  replication  of  «4riitr  character  cUnif!c*iion  Th* 

results  of  tN  Control  Condition  will  to  in  that  light.  Sine*  the 

present  results  Uv«  implications  thst  conflict  with  ■  one  tentative  con¬ 
clusion*  drawn  trim  pwlws  r«H«rh,  thst  research  n»t  to  r*  enanined  , 
ftut  the  Mis  rea  too  for  performing  the  e*peri»ent  vt;  to  discover  the 
nature  of  the  representation  used  during  the  comparison  stage.  Hence 
the  discussion  will  begin  with  thst  <^hUm. 

evidence  for  4  ^aee  ^ude 

Three  sipecti  of  the  data  clearly  indicate  that  e  name  or  verbal  label 
representation,  not  o  visual  Image,  is  used  during  the  comparison  stege. 

They  will  be  discussed  separately. 

Searching  for  Seme  Identity 

The  #*oe  Identity  Condition  was  designed  to  provide  one  test  of  the 
Mud  of  representation*  used.  Using  name  representations  rather  than  images 
should  facilitate  scanning  in  this  condition,  for  enample,  suppose  that  the 
positive  set  on  a  particular  trial  was  "tee ,  gee,  tee."  On  the  display,  S 
would  see  1 

ft  C  T 

b  g  t 

Suppose  also  that  the  probe  was  ~T.“  If  £  used  name  representations,  she 
would  first  Identify  "T"  and  find  it*  name,  "tee."  Tfcre*  eompar isons  would 


f*  RetoiMry,  with  "to**."  «nd  "t ee."  If,  on  th*  oth«r  hand, 

*  visual  image  ot  “7"  *«r*  3R^*r«J  with  the  pos'tlv*  set,  six  comparisons 

*»ulJ  b*  n»  eirfr/,  Separate  tests  with  th*  upper  css e  and  lower  csss 
char*  vrj  would  fee  required  for  each  letter  in  th«  posit iv*  got.  Conse¬ 
quently,  <h*  slop*  of  th«  function  relating  FT  to  a«t  sis*  in  this  condition 
U  *h»  tim*  for  either  on*  ww  cmparison  or  two  i**g«  comparisons.  In 
contrast.  th*  slop*  of  th*  FT  function  in  th*  Control  Condition  is  th«  t i«* 
for  either  on*  not*  comparison  or  on*  Isag*  comparison.  Tor  «xsnpl«, 

♦up;  »**  **v*t  in  th*  Upv«r  Css*  Control  Condition  on  s  typicsl  trisl  th* 
,©»Itiv*  sot  w4»  (t,  C,  71  and  th*  prob*  mi  **T."  Th*n  thro*  comparisons 
voiiid  b*  necessary  whether  S  used  ran*  r*pr*s«ntstions  or  imsg«s.  So  if 
u**J  rv*n*  representations  in  both  th*  Control  snd  ?ts«*  Identity  conditions, 
th*  slopes  of  th*  FT  functions  should  b*  *,,0*1.  If  S  used  iM|«  r*pr«s«n- 
rstions  in  both  conditions,  th*  slop*  of  th*  FT  function  for  th*  Ks*« 

Identity  Condition  sh-jld  b*  twlc*  th*  slop*  for  th*  Control  Condition. 

Th*  ob*aln«d  slop**,  averaged  scross  positive  snd  negative  r*iporm, 
w*r*  equal,  implying  thst  S  used  ns**  representations  in  bath  conditions. 

However,  s  considerable  diff«r*nc*  (?•.*  ns  p*r  l*tt*r)  wss  found  be¬ 
tween  th*  slop**  of  th*  posit  iv*  snd  negative  response  functions  on  th* 

«*-’ond  session  for  th*  *s«*  Identity  Condition.  This  diff*r*nc«  wss 
Ci**rly  significant,  snd  produced  s  significant  difference  for  the  two 
sessions  cosHnei.  d*spit«  the  absence  of  sny  difference  on  th*  first  session. 
Th*  diff*r*nc*  on  the  second  session  is  larg*  enough  to  suggest  s  self* 
terminating  *«arc'  process,  sine*  th*  slop*  of  the  negative  function  wss 
sin***  twice  s*  great  it  the  stop*  of  th*  positive  function.  Closer 
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exaa. nation  of  the  data  does  not  support  this  interpretation,  however.  Host 
of  the  difference  is  accounted  for  by  six  Ss,  whose  positive  response  functions 
were  nearly  flat  (zero  slope)  on  the  second  session.  Several  attempts  were 
cade  to  discover  the  source  of  this  unusual  finding,  tut  all  of  then  failed. 

The  overall  level  of  the  RT's  of  those  six  Ss  was  not  unusually  long,  and 
they  performed  iurcally  in  the  Control  Condition  on  the  second  session. 

The  order  in  which  those  Ss  received  the  conditions  gave  no  hint  of  any 
sequential  effect.  Thus  no  explanation  could  be  found  for  this  anomaly 
in  the  data. 

Two  comparisons  can  be  made  between  the  .’lame  Identity  Condition  and 
the  Control  Condition  that  are  not  confounded  by  the  difference  in  slopes 
for  the  i^aae  Identity  Condition.  f*irst,  the  two  conditions  can  be  compared 
on  Session  One,  when  there  was  no  difference  between  negative  and  positive 
slopes  for  the  Name  Identity  Condition.  The  difference  cf  16.7  ms  per  item 
was  Marginally  significant  U(7)  •  2.463,  £  <  C.05)  try  a  two-tailed  test. 
Secondly,  the  negative  response  functions  combined  across  sessions  can 
be  coopered,  since  the  slope  of  the  negative  function  gives  the  tine  per 
comparison  even  for  a  self -terminating  process.  The  difference  of  1S.0  ms 
per  item  just  failed  to  reach  significance  U(7)  »  2.2«*5,  j>  >  0.05). 

Thus  there  is  at  least  some  evidence  of  a  difference  between  the  scanning 
rates  in  these  conditions. 

In  light  of  this  difference,  the  overall  similarity  of  the  results 
of  these  conditions  must  be  interpreted  with  caution.  It  cannot  be  argued 
that  performance  in  the  Kama  Identity  Condition  was  identical  to  performance 
in  the  Conttol  Condition.  In  the  context  of  the  results  of  the  Physical 
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.  ivntity  onii’ion,  however,  it  seems  reasonable  to  conclude  that  the 
esentat  ions  used  tor  comparison  in  the  ‘lame  Identity  Condition  were 
no'  visual  images  and  must  have  been  names. 
arching  tor  Physical  Identity 

An  independent  test  of  the  nature  of  the  representation  was  embodied 
in  the  Physical  Identity  Condition.  Use  of  image  rather  than  name  repre¬ 
sentations  should  facilitate  RT  in  this  condition.  Returning  to  the 
•xample,  suppose  cn  a  particular  trial  the  positive  set  was  {b,  G,  t}  and 
’he  probe  was  "T."  The  £  could  make  either  three  image  comparisons  or 
three  name  comparisons.  Making  image  comparisons  should  cause  no  difficulty, 
but  suppose  S.  used  names  for  the  comparisons.  If  the  probe  "T"  were  iden¬ 
tified  and  ndmed  only  "tee,"  an  error  would  result.  The  £  would  compare 
"*ee"  with  "bee,"  "gee,"  and  "tee,"  find  a  match,  and  make  the  positive 
response.  The  response  would  be  an  error,  of  course,  since  "t"  and  "T" 
do  not  match  physically.  To  avoid  such  errors,  S_  would  be  forced  to  use 
more  complex  names,  such  as  "big  tee"  for  the  probe,  that  included  an  in¬ 
dication  of  the  cases  of  the  letters.  It  seems  reasonable  to  suppose  that 
comparirg  these  mare  complex  names  should  require  more  time  than  comparing 
simplet  names.  So  the  slope  of  the  RT  function  in  the  Physical  Identity 
Condition  represents  the  average  time  for  either  one  image  comparison  or 
one  comparison  of  complex  names.  Turning  again  to  the  Control  Condition, 
the  slope  is  the  time  for  either  one  image  comparison  or  one  comparison  of 
single  names.  Thus  if  S_  used  image  representations  in  both  conditions, 
the  slopes  should  be  equal.  If  names  were  used  the  slope  of  the  Physical 
Identi-y  Condition  function  should  be  greater  tnan  the  slope  of  the  Control 
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Condition  function.  In  fact,  the  latter  was  the  case,  again  indicating  that 
names  were  used  for  the  comparison  process. 

CM  Negative  Responses 

The  final  aspect  of  the  data  favoring  name  representations  over  images 
also  comes  from  the  Physical  Identity  Condition.  In  that  condition  there 
were  two  kinds  of  negative  trials.  CM  negative  trials  were  those  trials 
in  which  the  name  of  the  probe  was  the  same  as  one  of  the  letters  in  the 
positive  set,  but  the  cases  were  opposite.  In  pure  negative  trials,  no 
letter  in  the  positive  set  had  the  same  name  as  the  probe.  If  images  were 
compared,  this  difference  should  cause  no  difficulty,  since  the  letters  used 
in  the  experiment  were  selected  on  the  basis  of  the  visual  dissimilarity 
of  their  upper  and  lower  case  representations.  If  names  were  comparer, 
on  the  other  hand,  one  might  expect  some  interference.  If  Ss  used  the 
usual  names  of  the  letters  plus  some  indication  of  case,  the  representations 
for  the  upper  and  lower  case  versions  of  the  same  letter  would  be  identical 
in  many  respects.  The  resulting  interference  should  affect  only  the  inter¬ 
cept  of  the  RT  function,  since  it  occurs  only  once  on  each  CM  negative 
trial,  regardless  of  set  size.  Thus  the  predictions  are  that  CM  negative 
and  pure  negative  RT  functions  should  not  be  different  if  images  are  used; 
the  CM  negative  function  should  have  a  greater  intercept  than  the  pure 
negative  functi  if  names  are  used.  The  data  agree  with  the  latter 
prediction,  again  implying  that  the  representations  used  are  names. 

Other  Evidence  Regarding  Scanning 

The  Control  Condition  was  intended  as  a  replication  of  the  original 
studies  of  Sternberg  (1966)  as  well  as  the  experimental  baseline  for  the 


present  study.  On  the  whole,  the  results  agreed  with  Sternberg's  (1966) 
findings.  The  ^.lope  of  the  overall  R7  function,  48.6  ms  per  item,  was 
somewhat  greater  than  Sternberg  found.  The  difference  is  probably  accounted 
for  by  the  difference  in  the  stimulus  set;  digits  were  employed  in  Stern- 
berg's  experiments,  and  letters  were  employed  in  the  present  study. 

Letters  were  also  used  in  the  Chase  6  Calfee  (1969)  study,  and  with 
visual  presentation  and  test,  slopes  of  47.6  and  41.1  ms  per  item  were 
fuund,  in  close  agreement  with  the  present  results. 

sne  aspect  of  the  present  data  is  in  conflict  with  previous  results. 
There  was  a  significant  difference  between  the  slopes  of  the  negative 
and  positive  response  functions  on  the  first  session  in  the  Control  Con¬ 
dition.  Inequality  of  the  slopes  of  these  functions  is  evidence  against 
exhaustive  scanning.  The  difference  was  small,  however,  and  for  both 
sessions  combined,  there  was  no  significant  difference  between  the  slopes 
of  the  two  functions.  Consequently,  it  is  doubtful  that  this  result  is 
sufficiently  strong  to  represent  a  challenge  to  previous  studies  in  which 
the  slopes  have  been  found  to  be  equal  (see  Sternberg,  1969a). 

Analysis  of  the  intercepts  of  the  RT  functions  revealed  main  effects 
of  Conditions,  Sessions,  and  Responses  (positive  versus  negative),  and  no 
interactions.  All  three  main  effects  were  expected.  The  significant 
reduction  in  the  intercepts  with  practice  (the  main  effect  of  Sessions) 
was  also  found  by  Sternberg  (1967).  The  main  effect  of  Conditions  was 
found  to  be  entirely  due  to  the  Physical  Identity  Condition.  The  main 
effec-  of  Responses  was  also  expected,  since  all  of  the  Ss  were  right-handed 
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and  the  positive  response  was  always  nade  with  the  right  hand.  Kispor.se 
tines  are  typically  soraewhat  shorter  with  the  dominant  hand. 

The  analysis  of  variance  of  the  intercepts  did  not  reveal  all  of  the 
important  aspects  of  those  data,  however.  To  perform  the  analysis  of 
variance  it  was  necessary  to  pool  the  pure  negative  and  CM  negative  res- 
porsec  in  the  Physical  Identity  Condition.  Hence  the  analysis  could 
not  reve-1  the  relationships  among  the  intercepts  of  the  pure  negative,  CM 
negative,  and  positive  response  functions.  It  has  been  pointed  out 
(see  Fig.  3)  that  the  intercept  of  the  CM  negative  function  was  substan¬ 
tially  greater  than  the  other  two.  And  while  there  was  no  significant 
difference  between  the  intercepts  of  the  pure  negative  and  positive 
functions,  the  intercept  of  the  positive  function  was  numerically  larger. 
If  the  CM  negative  responses  alone  suffered  from  the  interference  dis¬ 
cussed  previously,  resulting  from  a  partial  match  of  verbal  labels,  then 
one  might  expect  the  intercepts  of  the  pure  negative  and  positive 
functions  to  stand  in  the  same  relationship  as  the  intercepts  of  the 
negative  and  positive  functions  in  the  Control  Condition.  In  that  con¬ 
dition,  the  intercept  of  the  positive  function  was  less  than  the  intercept 
of  the  negative  function.  Hence  one  would  expect  the  intercept  of  the 
positive  function  in  the  Physical  Identity  Condition  to  be  less  than, 
instead  of  greater  than,  the  intercept  of  the  pure  negative  function. 
Either  the  intercept  of  the  positive  function  was  unexpectedly  high  or 
the  intercept  of  the  pure  negative  functions  was  unexpectedly  low. 

Which  of  these  possibilities  was  the  case  can  be  determined  by  com¬ 
paring  these  intercepts  with  their  counterparts  in  the  Control  Condition. 
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H.*?  intercepts  of  the  positive  functions  were  497  ss  and  575  sso  in  the 
'ontrol  and  ‘hysical  Identity  conditions,  respectively.  The  intercept  of 
: h“  negjtiv*'  runction  in  the  Control  Condition  ••is  5G1  ns  as  compared  to 
ru  foi  the  pure  negative  function  in  the  Physical  Identity  Condition, 
l'-arly.  'hen,  the  negative  functions  agreed  and  the  intercept  of  the 

itive  function  was  unexpectedly  high  in  the  Physical  Identity  Condition. 

This  finding  suggests  that  the  positive  responses  in  the  Physical 
lientity  Condition  also  suffered  from  some  interference.  The  CM  negative 
and  positive  trials  in  this  condition  had  one  thing  in  common;  the  usual 
nam»  (ignoring  case)  of  the  probe  matched  the  usual  name  of  some  letter 
in  the  positive  set.  Such  a  match  was  always  sufficient  for  a  positive 
response  in  the  other  conditions  of  the  experiment  in  which  S  served,  and 
was  sufficient  for  a  positive  response  two-thirds  of  the  time  in  this 
condition.  It  can  be  argued  that  the  tendency  to  make  the  positive  res¬ 
ponse  on  such  trials  was  the  source  of  the  increase  in  RT  on  CM  negative 
trials;  under  the  circumstances  it  was  more  difficult  than  in  the  Control 
Condition  to  inhibit  the  positive  response.  The  same  effect  may  have 
been  responsible  for  the  increase  in  RT  for  the  positive  responses.  Al¬ 
though  Ss  were  accustomed  to  making  the  positive  response  when  a  match 
f  'tween  usual  names  was  found,  in  this  condition  a  negative  response  was 
sometimes  required.  Hence  it  may  have  been  more  difficult  on  positive 
trials  to  inhibit  the  negative  response,  (for  a  more  general  discussion 
of  response  inhibition  as  a  fact  or  in  RT,  see  Martin,  1967.)  Inhibition 
of  inappropriate  responses  should  occur  at  some  stage  following  the 
comparison  stage;  hence  factors  such  as  this  affecting  response  inhibition 
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should  not,  according  to  the  additive- factor  method,  irteract  with  the 
effect  of  set  size.  Ho  such  interaction  was  found;  the  functions  for  pu~;* 
negative,  CM  negative,  and  positive  responses  in  the  .*hy3ical  Identity 
condition  were  parallel. 

A  Second  Look  at  Previous  Result; 

In  the  study  reported  here  there  were  threo  tests  of  the  kind  of 
representations  used  for  the  comparison  stage.  Two  of  them  clearly  in¬ 
dicated  that  the  representations  are  names,  and  the  third  pointed  in  that 
direction.  In  light  of  these  results,  what  can  be  said  about  those  studies 
that  indicated  images  are  used? 

Host  of  the  previous  evidence  was  relatively  indirect.  Tor  example, 
interpretation  of  the  experiments  showing  similar  scanning  processes  for 
material  without  well-learr.ed  names  (e.g.,  Sternberg,  1969a,  Exp.  4; 

Briggs  6  Blaha,  1969)  was  based  on  the  assumption  that  Ss  did  not  have 
names  or  verbal  labels  to  use  for  such  materials.  But  it  is  a  uniquely 
human  ability  to  assign  names  to  things,  so  the  assumption  may  be  faulty. 

In  fact,  Briggs  (1970)  has  reported  that  his  Ss  voluntarily  mentioned 
verbal  labels  they  had  assigned  to  some  of  the  figures  in  his  experiment. 
Finally,  a  logarithmic,  rather  than  linear,  relationship  between  RT  and 
set  size  was  found  in  one  such  experiment  (Swanson  6  Briggs,  1969), 
suggesting  that  an  altogether  different  search  process  was  used.  Thu*- 
the  evidence  from  this  line  of  research  is  equivocal  at  best. 

Attempts  to  determine  the  nature  of  the  representations  by  finding 
effects  of  visual  or  acoustic  similarity  have  been  frustrated  b-'  con¬ 
flicting  results.  Chase  6  Posner  (1965)  found  an  effect  of  visual 


«*b 


.  i- 1  lar :  *.y ,  but  . f.a sfc  i  C.ilfee  (1960),  using  a  sore  powerful  experimental 

:  Ig  .  tailed  to  :  inJ  .uc‘.  an  effect.  Neither  of  those  «*‘uiies  found  an 
ajoustio  similarity.  The  present  results  in<  icatc  that  names 
t  v.-rtal  ljb»*l  are  used,  so  effects  of  acoustic  (or  articulatory) 

~  i  1  »r  i *  y  night  bo  expected.  However,  since  suhvocal  rehearsal  can  be 
i  i.-d  at  as  a  tactor  in  the  scanning  process,  one  perhaps  should  not  be 
urprir.ed  a”  not  finding  such  effects.  The  trace  in  STM  might  be  an 
al  tract  verbal  representation  which  is  neither  purely  auditory  nor 
articulatory.  This  possibility  ha3  been  discussed  by  Wickclgren  (1960). 

Perhaps  the  most  difficult  finding  to  reconcile  with  the  present 
r<*  ults  is  Sternbeg’s  (1967)  finding  of  an  effect  of  stimulus  quality  on 
•  he  comparison  rate.  If  the  scanning  process  involves  the  name  of  the 
probe,  nots**  added  to  degrade  its  visual  image  should  affect  only  the 
encoding  tine.  Perhaps  the  possibility  of  a  Type  I  error  in  that  experiment 
should  be  considered.  A  careful  examination  of  Sternberg's  data  reveals 
that  the  slope  of  the  control  (intact)  function  increased  from  35.6  to 
37.2  ms  per  item  from  the  first  session  to  the  second.  In  the  previous 
experiments  (Sternberg,  1966),  slopes  of  37.9  and  38.3  ms  per  digit 
were  found.  Hence  the  slope  of  the  control  function  on  the  first  session 
was  somewhat  lower  than  usual.  Use  of  the  ivorage  of  the  other  slopes 
given  above  might  be  a  better  estimate  of  the  true  value,  and  would  reduce 
•he  value  of  t  used  for  the  t_  test.  In  addition,  the  standard  error  of 
the  difference  between  the  intact  and  degraded  slopes  on  the  first  session 
(•hat  is,  the  denominator  of  the  t_  test)  was  somewhat  smaller  for  the 
fir;*  session  (♦  2 ns)  than  for  the  second  session  (♦  3.8  ms).  That 


factor  eight  also  have  contributed  to  producing  a  spuriously  large  value 
of  t .  A  replication  of  this  study,  conducted  as  carefully  as  tne  original 
experiment,  would  be  valuable. 

Conclusions 

The  present  results  clearly  indicate  that  the  representation  used 
in  the  comparison  stage  are  not  visual  In  nature ,  at  least  when  the  dela 
between  the  positive  act  and  the  probe  is  long  enough  to  rule  out  hyaical 
matches  like  those  reported  by  Posner  C > .  In  attempting  to  reconcile 
this  conclusion  with  previous  results,  one  night  suppose  that  the  actual 
representation  is  a  complex  one  including  both  visual  and  non-visual  infor¬ 
mation.  This  possibility  is  apparently  ruled  out.  however,  by  the  re-ults 
of  the  Physical  Identity  Condit'on.  If  visual  information  could  be  uted, 
it  should  have  been  used  in  that  condition  to  facilitate  scanning.  Th* 
slow  scanning  rate  obtained  suggests  that  visual  information  was  not  used. 
The  same  condition  provides  evidence  of  the  presence  of  non-visual  infor¬ 
mation  in  the  representation^  the  increase  in  RT  for  CM  negative  trials 
must  have  been  caused  by  the  name  shared  by  the  upper  and  lower  case 
versions  of  a  particular  letter.  Thus  the  present  results  seem  *o  imply 
that  the  probe  is  recognized  (its  identity  is  determined),  and  its  sensor-' 
representation  is  lost,  before  the  comparison  stage  begins. 

The  conclusion  that  the  representations  are  not  visual  leaves  a  large 
class  of  possibilities.  The  terms  "name"  and  "verbal  label"  have  been 
used  in  the  foregoing  to  refer  to  these  possible  representations  only 
for  convenience  of  exposition,  and  they  are  toe  restrictive.  Almost  any 
kind  of  representation  based  on  S’s  previous  experience  with  the  stimulus 


hare  ’ *r  z!f*  *  !)«  jf  course.  the**  couU  be  i*scrl|3t i»<*  of 

•  -  actual  reprevntat  Ion,  for  example.  »r«  reasonable  possibility  is  4h 
«r*  icul  itory  wicollng  o!  th*  5poV«n  mm  of  the  character.  Ifcit  th»  r<^re- 

ffj^i'ior.  ould  instead  he  a  non-verbal  abstraction  or  concept.  The 

*  »■«•  «•»•  data  r**i,u»r<f  only  that  the  r*pr«sentat ion*  of  upper  and  lower  case 
vrr.Iqm  ot  the  i-ase  letter  be  sufficiently  similar  to  account  for  the 

in* erter*nce  Sound  In  the  Physical  Identity  Condition. 

The  distinction  between  visual  and  non-visual  representations  Is  an 
important  one.  if  scanning  were  based  on  truly  visual  repreaentat ions , 
th*n  the  comparison  stage  could  be  considered  as  a  mechanism  for  pattern 
recognition,  ilnce  Ss  reported  rehearsing  the  names  of  the  positive  set 
items,  the  use  of  visual  representations  for  comparison  would  laply  that 
visual  representat ions  of  the  positive  set  items  were  held  along  with 
their  rases  in  STM.  A  match  between  a  visual  representation  of  the  probe 
and  a  corresponding  representation  of  some  mealier  of  the  positive  set  could 
th*n  result  in  activation  of  its  associated  naae,  and  recognition  (or 
identification)  of  the  probe  would  be  achieved.  But  the  present  results 
indicate  that  recognition  of  the  probe  is  achieved  before  the  conparlson 
process  begins.  Hence  the  high-speed  scanning  process  must  be  viewed  as 
a  mechanism  for  the  exasination  of  recoded  (verbal  or  conceptual)  infor¬ 


mation  i”  STM. 
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ijcvtk>ct:^s  to  sywicn 

Jefieral  instruct  lens 

This  «*;*r ;**&:  it  d*sigu«d  to  t*at  4  u.«o«  4t«ou*  neewry.  i  wi  U 
•i;<4ia  eore  about  St  after  you  Uy«  t*rv»«J  46  4  i!  y»j  ar#  ,f* 

! »r« 3 1  ed ,  Lyt  for  now  pieate  just  carefully  to  5*« 

Tour  tas*  is  very  staple.  C *»  each  trio.  4  » Vut  Its:  u?  letters  wi 
to  displayed  or.  the  upper  p*rt  of  the  screen  Jo  front  of  you.  The  list 
may  contain  only  one  letter,  or  as  many  4»  five.  first  or.«  will  fee 

displayed  on  the  left  side  of  th*  screen.  the  se-ccnd  one  to  the  rifM  of 
the  first  one.  and  so  on.  After  the  complete  list  *.4 a  been  displayed, 
there  will  be  «  short  delay,  and  a  rectangle  will  ajpear  in  the  center 
of  the  screen.  About  one  second  later,  a  test  letter  will  appear  in  the 
rectangle.  Your  task  is  simply  to  indicate  whether  that  letter  was  one 
of  the  letters  in  the  list  presented  at  the  beginning  of  the  trial,  if 
th«*  letter  was  in  the  list,  respond  "yes"  by  pressing  the  right  key  in 
front  of  you  with  your  right  forefinger.  If  the  letter  was  not  in  the 
list,  respond  "no"  by  pressing  the  left  hey  with  your  left  forefinger, 
between  trials  please  keep  your  forefingers  resting  lightly  or.  the  keys 
so  you  can  respond  as  quickly  as  possible. 

As  you  can  see,  the  task  is  easy  and  you  should  be  able  to  respond 
correctly  or  almost  every  trial.  It  is  important  that  you  do  so.  I 
want  you  to  respond  as  quickly  as  you  can  while  maintaining  a  high  level 
of  accuracy.  Try  to  be  fast,  but  don't  try  so  hard  that  vou  make 


unnecessary  errors. 


*ru{,  after  your  resf  the  wsr^i  "*#orr«r t ’  nr 

“•'t*  »*  ....  »,[•«  It.  •>  t^*r  left  c<eriMr  of  t*j*  Kr««s,  iarsicatls* 
**-»*f*»  *  »r  f •  »  «« 

-«»•  t  •«<.  It  orvjrt  ts»  Jrw  fralng  JU;r4>M«4  ty 

It  *!j.  "*a£t  »vw!i  I  **6!  ywa  to  m« 4r  tvw  «rl!'SiOf»».  In  tl^n  j-ou 
“  •  i  *  -»r  ■»  i»!*.  »««>j  **.((&  tiotU  ctw»f  «?7  dUtr*ciiri£  noise*. 

•  t  *U  ’!«.  I  iMnrvrt  tf**  hitting  »M*ii  «(4  uU  to  y«t  *hrc**gj.  then 
•v«  fs.»it  roj*i  It  ro4  «4«t  to  uy  iot»^ie4  to  m,  m  cm  do  so  by 
*  *«rolr{  yw  t*4l  4(4  *;**Hr<  directly  at  this  Ib’.trcm, 
j ^  t  t  «■■■  ».  r  3 1  .irou. __  <4- Sects  Only 

.M»  first  t  1«kv  ot  trlil*  U  for  war*-wf  4t4  practice.  All  of  the 
r**  i®*  will  to  tco*r  C4i« .  Try  to  to  quick  but  without 
*-rr*rt  . .  tty  qweatlon*? 

*-r  aa«  Control  Croup  Subjects  Only 

•  hi*  flr*t  block  of  trials  1*  for  wam-up  and  practice.  All  of  the 
Ir.**„i-  yW  t-«  will  b«  ojrior  case.  Try  to  be  qulclk  tut  without  eating 
•rrort.  Any  questions? 
faior-  j , *r  js*  Control  Condition  block* 

Tor  th*>  hex*  two  block?  of  trials,  oil  of  the  letters  you  so*  will 
be  -i;; .-r  a  Mesa*  be  accurate,  but  bo  quick. 

B-Mt*  Low«»r  os**  Control  "ondltlon  Block* 

I’cr  *h»  r.ex?  two  blocks  of  trials,  all  of  the  letters  you  see  will 
S  *  low«r  iii«t .  r lease  be  accurate,  but  be  quick. 

(•otorf  ‘  hv  leal  Identity  Condition  Blocks 


T  r  The  n«xT  two  Mocks  of  trials,  so*e  of  the  letters  in  the  list 
wi  i  upper  case  and  soitte  lower  case.  The  case  is  jg'srtant.  You  are 


to  retf *«*£  “y«i"  only  if  the  test  i«U«r  is  exauly  the  aa-«  45  4  letter  in 
the  list.  Tor  «ut;  <«,  If  on  tipper  cose  "A"  is  in  the  list,  oni  the  test 
letter  is  o  lover  cote  “o“.  the  correct  response  it  "no",  the  left  Key. 
it  that  cleer? 

♦of ore  one  Identity  Condition  bioeKa 

lor  the  next  two  blocks  of  triols,  conditions  will  change  4  little. 

When  the  list  is  presented,  both  the  upper  ond  lower  cose  of  eoch  letter 
in  the  list  will  oppeor.  The  lower  cose  will  be  right  below  the  upper  cose, 
ond  both  will  cose  on  ot  the  sot.*  tine.  The  test  letter  soy  be  either 
up?«r  or  lower  cose,  but  It  doesn't  setter.  The  cose  of  the  test  letter 
is  irreleeont.  Ton  ore  to  respond  "yes"  if  thor  letter  wos  in  the  list. 


Is  that  clear’ 
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In  the  character  classification  task,  the  S_  is  required  to  press  one  of  two 
re  'onse  keys  to  indicate  whether  or  not  the  stimulus  character  is  a  member  of  a 
previously  memorized  set  of  characters.  Reaction  time  (RT)  in  this  task  has  been 
found  to  bo  a  linear  increasing  function  of  the  number  of  characters  in  the 
memorized  set.  It  has  been  inferred  from  this  result  that-  part  of  the  RT  is 
occupied  by  a  serial  comparison  stage  in  which  an  internal  representation  of  the 
stimulus  is  compared  with  similar  representations  of  the  memorized  characters. 

The  present  study  was  designed  to  determine  the  nature  of  the  representations 
that  are  compared.  Upper  and  lower  case  letters  were -used  as  stimuli.  Tn  the 
•  Phvsi  cal  JdwHt*  ly  C  cn.J  It  .ion  ,  S  ’/as  X'ocjuiv'cO  "to  v,or;pnruj  on  irhG  b^r .  .?*?  nF  nhy^'-ncO 
identity  of  the  stimulus  with  a  member  of  the  memorized  set;  i.e.,  gave  the 
negatived  response  unless  the  stimulus  matched  in  both  name  and  case  with  a  member 
of  the  ir..=n.r,v. j olf,t .  In  the  Name  Identity  Condition,  S's  response  was  baaed 
on  name  idem  i try  only;  case  was  irrelevant.  In  the  Control  Condition  all  of  the 
letters  wore  the  same  case. 

Performance  in  the  Name  Identity  Condition  was  essentially  the  same  as  in  the 
J  Control  Condition.  In  the  Physical  Identity  Condition,  the  rate  of  the  serial 

I  scare))  was  substantially  slower.  These  results  indicate  that  Ss  typically  use  a 
recoded  representation  of  the  stimulus  (a  name,  verbal  label,  or  other  abstraction) 
rather  than  a  purely  sensory  imago  for  the  comparison  stage. 
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